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ABSTRACT
The objective of this experiment was to evaluate 
the effect of stocking rate (SR) and animal genotype 
(BR) on milk production, body weight (BW), and body 
condition score (BCS) within intensive pasture-based 
systems. A total of 533 lactation records, from 246 elite 
genetic merit dairy cows were available for analysis; 
68 Holstein-Friesian (HF) and 71 Jersey × Holstein-
Friesian (JxHF) crossbred cows in each of 4 consecutive 
years (2013–2016, inclusive). Cows from each BR were 
randomly allocated to 1 of 3 whole-farm comparative 
SR treatments, low (LSR; 1,200 kg of BW/ha), medium 
(MSR; 1,400 kg of BW/ha), and high (HSR; 1,600 kg 
of BW/ha), and remained in the same SR treatments 
for the duration of the experiment. The effects of SR, 
BR, and their interaction on milk production/cow and 
per hectare, BW, BCS, and grazing characteristics were 
analyzed. Total pasture utilization per hectare con-
sumed in the form of grazed pasture increased linearly 
as SR increased: least in LSR (10,237 kg of dry matter/
ha), intermediate in MSR (11,016 kg of dry matter/ha), 
and greatest in HSR (11,809 kg of dry matter/ha). Milk 
and milk solids (MS) yield per hectare was greatest for 
HSR (15,942 and 1,354 kg, respectively), intermediate 
for MSR (14,191 and 1,220 kg, respectively), and least 
for LSR (13,186 and 1,139 kg, respectively) with simi-
lar trends evident for fat, protein, and lactose yield/
ha. At higher SR (MSR and HSR), MS yield per kg 
of BW per ha was reduced (0.85 and 0.82 kg of MS/
kg of BW, respectively) compared with LSR (0.93 kg 
of MS/kg of BW/ha). Holstein-Friesian cows achieved 
fewer grazing days per hectare (−37 d), and produced 
more milk (+561 kg/ha) but less fat plus protein (−57 
kg/ha) compared with JxHF cows; the JxHF cows 
were lighter. At similar BW per hectare, JxHF cows 
produced more fat plus protein/ha during the grazing 
season at low (1,164 vs. 1,113 kg), medium (1,254 vs. 
1,185 kg), and high (1,327 vs. 1,380 kg) SR. In addi-
tion, JxHF cows produced more fat plus protein per kg 
of BW/ha (0.90 kg) compared with HF cows (0.84 kg). 
The results highlight the superior productive efficiency 
of high genetic potential crossbred dairy cows within 
intensive pasture-based production systems.
Key words: stocking rate, crossbreeding, milk 
production, pasture-based
INTRODUCTION
Population growth, urbanization, and increasing 
disposable income are contributing to an increase in 
the demand for dairy products globally (Delgado, 2003; 
Robinson et al., 2015). This poses a challenge for agri-
cultural production to use the available feed resources 
more efficiently, without adverse consequences for the 
natural environment. Consequently, the term sustain-
able intensification has been defined as the challenge 
of producing more food from the same resources, while 
reducing environmental effects of agricultural produc-
tion (Pretty, 1997). In the context of pasture-based 
production systems, land is the limiting resource to 
productivity, and therefore, optimizing output per 
hectare through increasing pasture accumulation and 
utilization is pertinent to the sustainable intensification 
of grazing systems of animal production.
Stocking rate (SR), traditionally defined as the 
number of cows per unit area of land used during a 
defined period (i.e., cows/ha), is widely recognized as 
the primary lever to systematically improve pasture ac-
cumulation and utilization, and milk production per 
hectare while simultaneously reducing the requirement 
for external supplementary feed imports in grazing sys-
tems (Hoden et al., 1991; Macdonald et al., 2008a,b; 
McCarthy et al., 2016). Previous studies have also 
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reported that cows/ha is a misleading measure of SR 
(Holmes et al., 2002), as it fails to account for variable 
pastureland productivity, nonpasture supplementation 
levels, and the diverse requirements of different dairy 
cow types commonly used within such systems. Conse-
quently, McCarthy et al. (2011) expressed the effects of 
increasing SR on cow performance/100 kg of additional 
BW per ha as a more appropriate alternative measure 
of the SR effect within a predominantly pasture-fed 
dairy system. As SR increases, milk production per 
hectare increases linearly, whereas milk production per 
cow declines (McMeekan and Walshe, 1963; Macdonald 
et al., 2008a; McCarthy et al., 2011). In grazing terms, 
increasing SR increases grazing intensity and pasture 
utilization, resulting in higher pasture productivity and 
improved sward quality (Macdonald et al., 2008a; Mc-
Carthy et al., 2016).
Intensive grazing systems require a robust easy-care 
cow that has the capacity to efficiently convert pas-
ture to high value fat plus protein [milk solids (MS); 
Berry, 2015]. Although Holstein-Friesian (HF) is the 
predominant breed within the Irish national dairy herd 
(Department of Agriculture, Food and the Marine, 
2015), the inclusion of functional traits in the Irish total 
merit breeding index [Economic Breeding Index (EBI); 
ICBF, 2014], the introduction of a multi-component 
milk payment system rewarding fat and protein produc-
tion and penalizing milk volume (Shalloo et al., 2007), 
and expanding herd sizes at farm level have contributed 
to an increasing interest in crossbreeding at farm level. 
The suitability of Jersey × Holstein-Friesian (JxHF) 
crossbred cows to intensive grazing systems is widely 
acknowledged in the literature by virtue of their small 
size and comparatively large intake potential (Mackle 
et al., 1996; Prendiville et al., 2009; Vance et al., 2013), 
JxHF cattle represent the near ideal cow for grazing 
systems and have displayed superior MS production 
and feed conversion efficiency compared with tradi-
tional HF counterparts in recent studies (Prendiville et 
al., 2009; Beecher et al., 2014; Coffey et al., 2017).
Although the results of these animal genotype (BR) 
comparison experiments are unequivocal, it is also 
widely acknowledged that comparing animals of differ-
ing BW (and associated maintenance requirements) on 
an individual animal basis confers a systemic advantage 
to the smaller animal (McCarthy et al., 2013; Dong et 
al., 2015). Notwithstanding the frequency of interna-
tional BR comparison studies, it remains unclear if the 
superiorities reported for JxHF cows are consistently 
achieved across a wide array of intensive grazing man-
agement systems where SR may be more accurately de-
fined in terms of BW per hectare and where feed inputs 
are consistently regulated. Consequently, the objective 
of the present experiment was to evaluate the interac-
tion of SR and BR on milk production per hectare and 
associated effects of grazing characteristics, BW, and 
BCS within pasture-based milk production systems 
wherein SR is defined in terms of kilograms of BW 
per hectare and using high genetic merit spring-calving 
dairy cows of both BR groups combined with intensive 
grazing management practices over a 4-yr period.
MATERIALS AND METHODS
The experiment was undertaken at the Animal & 
Grassland Research and Innovation Center, Teagasc 
Moorepark, Ireland (50°7 N, 8°16 W), over a 4-yr pe-
riod (2013–2016, inclusive). A total of 533 lactations 
from 246 spring-calving dairy cows were analyzed, with 
139 cows used in each year of the experiment. It formed 
part of a larger experiment designed to examine the 
biological and economic effects of alternative SR and 
BR combinations. A more detailed description of the 
cows, treatments, and experimental design has been 
previously reported (Coffey et al., 2017).
Experimental Design, Treatments, and Cows
The experiment was a randomized block design 
with a 3 × 2 factorial arrangement of treatments. In 
each year, the 6 experimental treatments consisted of 
3 whole-farm SR (1,200, 1,400, and 1,600 kg of BW/
ha) and 2 BR (HF and JxHF). The SR (cows/ha) cor-
responded to 2.4, 2.9, and 3.3 cows/ha for LSR, MSR, 
and HSR for HF cows, respectively, and 2.5, 3.0, and 
3.4 cows/ha for LSR, MSR, and HSR for JxHF cows, 
respectively. The average EBI, milk, fertility, calving, 
beef, maintenance, management, and health sub-indices 
of the HF cows were €205, 63, 103, 33, −12, 15, 2, and 
−1, respectively, and €198, 68, 89, 30, −24, 32, 3, and 
−1, respectively, for the JxHF cows. The average EBI 
of the cows of both BR during the experiment (ICBF, 
2015) ranked them in the top 1% of the national herd 
during the same period.
Cows within each BR were randomly assigned pre-
calving based on expected calving date, parity, and 
EBI to 1 of 3 SR treatments: low (LSR; 1,200 kg of 
BW/ha), medium (MSR; 1,400 kg of BW/ha), and 
high (HSR; 1,600 kg of BW/ha). The LSR treatment 
was designed to allow individual cows to achieve a high 
level of pasture allowance and milk production per cow, 
whereas the MSR and HSR treatments were designed to 
investigate the potential to increase pasture utilization 
and milk production per hectare through increasing SR 
and grazing intensity while reducing feed allowance per 
cow. The SR implemented in the MSR and HSR treat-
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ments were 17 and 33% greater, respectively, than the 
LSR treatment.
Grazing Management and Feed System
A total of 48.1 ha of permanent grassland, pre-
dominantly perennial ryegrass (Lolium perenne), was 
used for the duration of the experiment. All swards 
were reseeded during the previous 10 yr. Each of the 
6 treatments had a separate farmlet of 18 paddocks, 
with each farmlet balanced for location block, sward 
species, and soil type. Each farmlet remained in the 
same SR treatment for the duration of the experiment. 
Total farmlet area for LSR, MSR, and HSR was 9.17, 
7.87, and 7.01 ha, respectively, for each BR. Mineral N 
fertilizer application was 250 kg of N/ha per yr for each 
SR treatment.
Cows were turned out to pasture by day and night, as 
they calved, from early February. A rotational-stocking 
system was practiced, and on-off grazing (Kennedy et 
al., 2009) was used as a management tool to facilitate 
grazing during periods of inclement weather. Grazing 
management was accomplished by weekly monitoring of 
farm pasture cover within each SR treatment. Animal 
genotype within each SR was grazed in sub-paddocks 
adjacent to each other and was managed similarly [i.e., 
similar target pregrazing pasture mass (prePM), post-
grazing surface height (postGSH), and residency time 
in paddocks]. Target postGSH were 45 to 50, 40 to 45, 
and 35 to 40 mm for LSR, MSR, and HSR, respectively, 
and groups were moved to the next paddock once tar-
get postGSH was reached. Weekly grazing management 
during the first rotation (February 1 to April 1) was 
based on allocating an equal and increasing proportion 
of each farmlet area to each treatment until the start 
of rotation 2. During the main grazing season (April to 
August), the target rotation length was 21 d. Target 
prePM was different for each SR and was calculated 
using the following equation:
 target prePM (kg of DM/ha) = [SR (cows/ha)   
× rotation length × DPA/cow]  
+ residual pasture mass,
where DPA = daily pasture allowance. When prePM in 
the next paddock exceeded target prePM, the paddock 
was not grazed and instead was harvested as silage to 
maintain sward quality for grazing. All silage was con-
served in bales and weighed approximately 260 kg of 
DM/bale. A sample of pasture was taken before baling 
for DM determination. No mechanical topping of the 
swards took place for the duration of the experiment.
The aim was to feed equal amounts of concentrate 
per hectare regardless of SR, and therefore, increasing 
SR did not result in increased concentrate supplemen-
tation per cow. Concentrate supplementation was ap-
proximately 1,000 kg of DM/ha (400, 345, and 305 kg 
of DM/cow for LSR, MSR, and HSR, respectively). At 
higher SR, additional feed requirements were provided 
through increased pasture accumulation and utilization 
or the provision of bale silage and concentrates dur-
ing periods of inadequate pasture supply. Concentrate 
supplementation for all treatments commenced at 4 
kg/d postcalving and was reduced and removed only 
when pasture supply exceeded animal demand (usually 
in mid-March). Concentrate was reintroduced when 
pasture supply was inadequate. When a feed deficit 
arose for one of the 3 SR treatments, conserved for-
age produced within that SR treatment was used to 
supplement pasture supply. The ingredient composition 
of the concentrate feed was barley 25%, corn gluten 
26%, beet pulp 35%, soybean meal 11%, and minerals 
plus vitamins 3%. Mean concentrate quality was 154 g/
kg of CP, 177 g/kg of crude fiber, 105 g/kg of ash, and 
895 g/kg of OM.
Pasture Measurements
Grazing data were collected from all paddocks grazed 
during each grazing rotation in each year of the experi-
ment. Pregrazing PM was determined before grazing 
in all paddocks for each of the 6 farmlets by harvesting 
a strip (1.2 × 10 m) of pasture with an Etesia mower 
to a height of 35 mm (Etesia UK Ltd., Warwick, UK). 
All mown pasture from each strip was collected and 
weighed, and a 0.1-kg (fresh weight) subsample was 
taken and dried for 16 h at 90°C for DM determination. 
Ten surface height (SH) measurements were recorded 
before and after harvesting on each cut strip using a 
folding plate meter with a steel plate (Jenquip, Field-
ing, New Zealand). Sward density was calculated, using 
the measurement below (Delaby and Peyraud, 1998):
 sward density (kg of DM/mm per ha) = pasture mass  
(kg of DM/ha)/(pre-cutting SH – postcutting SH).
Pre- and postgrazing SH were determined for each pad-
dock before and after grazing by taking 30 SH measure-
ments across the diagonal of the paddock. The average 
paddock prePM and DPA above a cutting height of 35 
mm was then calculated using the measurements below,
 PrePM (kg of DM/ha) = [pre-grazing SH (mm)   
– 35 mm] × sward density (kg of DM/mm per ha).
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Pasture disappearance was calculated using the for-
mula:
 pasture disappearance = (preSH – postSH)   
× sward density.
Daily pasture allowance and daily pasture disappear-
ance were calculated based on residency time within 
each paddock. Estimated total feed intake (kg of DM/
cow per d) was calculated by adding daily pasture 
disappearance and supplementation (daily concentrate 
and silage). Grazing data were analyzed across 3 peri-
ods of the grazing season: spring (turnout to March 31), 
summer (April 1 to July 31), and autumn (August 1 
to housing). Spring and autumn corresponded to early 
and late lactation, respectively, where pasture growth 
was restricted and demand exceeded supply, and sum-
mer corresponded to mid lactation where pasture sup-
ply exceeded demand.
Chemical Analysis
A sub-sample of pasture was collected from each pad-
dock when pasture was harvested with the Etesia mower 
for each SR treatments across 5 time points each year. 
The 5 time points included the first rotation (February 
1 to April 1), three 21-d rotations during the main graz-
ing season, and the final rotation (October 1 to Novem-
ber 20). Pasture samples were freeze-dried at −60°C for 
48 h and milled through a 1-mm sieve. Samples were 
analyzed for DM, ash, ADF, NDF (Van Soest, 1963), 
CP (Leco FP-428, Leco Australia Pty Ltd., Baulkham 
Hills, New South Wales, Australia), and organic matter 
digestibility (OMD) (Morgan et al., 1989). The energy 
content of the pasture was calculated for each SR based 
on the net energy system (Faverdin et al., 2011), where 
1 unité fourragère lait (UFL) of energy was defined as 
the net energy content of 1 kg of standard barley for 
milk production, equivalent to 1,700 kcal.
Animal Measurements
Cows were milked twice daily throughout lactation 
across the 4 yr of the experiment. The milking process 
was carried out at 0700 and 1530 h daily. Weekly milk 
production was derived from individual cow milk yield 
(kg) recorded at each milking (Dairymaster, Cause-
way, Co. Kerry, Ireland). Milk fat, protein, and lactose 
concentrations for each cow were determined from 
successive p.m. and a.m. milkings using a Milkoscan 
203 (Foss Electric DK-3400, Hillerod, Denmark), and 
subsequently, weekly solids-corrected milk (SCM; 
Tyrrell and Reid, 1965), fat, protein, lactose, and MS 
yields were calculated. Milk, SCM, fat, protein, lac-
tose, and MS yield per hectare (from grazed pasture) 
were calculated by measuring the total milk produced 
from each paddock in each treatment and dividing by 
the area of the paddock to give the yield per hectare. 
Similarly, grazing days per hectare was calculated by 
dividing the total number of grazing days in each pad-
dock for each treatment by the area of the paddock. 
Individual cow BW and BCS were recorded fortnightly. 
Body weight was recorded upon exit from the milk-
ing parlor using an electronic scale (Tru-Test Limited, 
Auckland, New Zealand). Cow BCS was measured on 
a 1 to 5 scale (1 = thin, 5 = fat) in increments of 0.25 
as outlined by Edmonson et al. (1989). Body condition 
score was recorded by one individual throughout the 
experiment. Milk production efficiency per hectare was 
calculated based on the net energy system of Faverdin 
et al. (2011). The measure of milk production efficiency 
considered in the present experiment was MS (g/ha) 
produced relative to total feed intake, accounting for 
energy requirements and feed utilization per hectare.
Statistical Analysis
All statistical analysis was carried out using SAS 
(SAS Institute Inc., 2010). The effect of year, SR, 
BR, and season on net pasture accumulation, chemi-
cal composition of pasture, prePM, pre- and postGSH, 
DPA, daily pasture disappearance, pasture utilization, 
and concentrate and forage supplementation were 
analyzed using mixed models (PROC MIXED). Year 
(2013–2016, inclusive), SR (low, medium, high), BR 
(HF and JxHF), and season (spring, summer, autumn) 
were included as fixed effects in the model. The effect 
of year, parity, SR, BR, season, calving date, genetic 
merit, and their interactions on milk, SCM, fat, protein, 
lactose, and MS yield/cow were analyzed using mixed 
models (PROC MIXED). Year (2013–2016, inclusive), 
parity (1, 2, ≥3), SR (low, medium, high), BR (HF 
and JxHF), and season (spring, summer, autumn) were 
included as fixed effects, whereas calving day of year 
and genetic merit (EBI) were included as continuous 
effects. To take account of multiple measurements for 
individual cows, cow year was included as a random 
effect in the model. The effect of year, SR, BR, SR × 
BR, number of grazings, and paddock-block on milk 
per hectare, SCM per hectare, fat per hectare, protein 
per hectare, lactose pre hectare, MS per hectare, and 
MS/kg of BW per hectare from grazed pasture and the 
number of grazing days per hectare were analyzed us-
ing mixed models (PROC MIXED). Year (2013–2016, 
inclusive), SR (low, medium, high), and BR (HF and 
JxHF) were included as fixed effects and the number of 
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grazings (2–10) was included as a continuous effect. To 
take account of multiple measurements for individual 
paddocks, paddock-block was included as a random 
effect in the model. Differences between experimental 
treatment groups were deemed to be statistically sig-
nificant where P < 0.05. P < 0.05 was considered sig-
nificant, and P < 0.01 and P < 0.001 were considered 
highly significant.
RESULTS
Climate Data
Total monthly rainfall and mean daily temperature 
for each year of the experiment and the 20-yr mean 
are presented in Table 1. Total rainfall averaged 1,094 
mm during the 4 yr compared with 1,051 mm dur-
ing the 1996 to 2015 period. Total rainfall was below 
the 20-yr average in 2013 and 2016 (−105 and −72 
mm, respectively) and above average in 2014 and 2015 
(+189 and +159 mm, respectively). Compared with the 
20-yr average (449 mm), mid-season (April to Septem-
ber, inclusive) rainfall was low in 2013 and 2014 (321 
and 387 mm, respectively) and similar to the long-term 
average in both 2015 and 2016 (457 and 461 mm, re-
spectively). Mean daily temperatures during the 4 yr 
of the experiment (10.0°C) were similar to the 20-yr 
average (10.1°C).
Pasture Accumulation, Grazing Characteristics,  
and Dietary Details
The effect of SR on net pasture accumulation is 
presented in Table 2. The effect of SR on pasture ac-
cumulation approached significance (P = 0.15), due 
to increased total net pasture accumulation in HSR 
(15,386 kg of DM/ha) relative to both LSR and MSR 
(14,782 and 14,785 kg of DM/ha, respectively) during 
the 4-yr experimental period. Net pasture accumulation 
between paddocks ranged from a minimum of 12,144 kg 
of DM/ha to a maximum of 18,177 kg of DM/ha per 
yr and between yr from 13,482 kg of DM/ha in 2013 
to 16,242 kg of DM/ha in 2016. A similar number of 
grazings were achieved/paddock in all SR treatments 
(6.7 grazings/paddock), whereas each paddock was 
cut for silage within the LSR (1.0 cuts/paddock) com-
pared with only 80% of the area in the MSR and HSR. 
There was also no significant difference between SR 
treatments in terms of rotation length during the year. 
Although turnout date was similar for each SR (d 32 of 
yr; February 2), the grazing season of the LSR treat-
ment (d 320 of yr; November 17) was prolonged (P = 
0.01) during autumn compared with MSR (November 
13) and HSR (November 12). Ta
b
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The effect of SR, BR, and their interaction on graz-
ing characteristics is presented in Table 3. Pre-grazing 
PM and SH was similar for MSR (1,652 kg of DM/ha 
and 87 mm, respectively) and HSR (1,675 kg of DM/
ha and 87 mm, respectively), and greatest (P < 0.001) 
for LSR (1,759 kg of DM/ha and 88 mm, respectively). 
Postgrazing PM and SH was greatest (P < 0.001) for 
LSR (314 kg of DM/ha and 45 mm, respectively), in-
termediate for MSR (109 kg of DM/ha and 39 mm, 
respectively), and least for HSR (9 kg of DM/ha and 
35 mm, respectively). Daily pasture allowance, pasture 
disappearance, and pasture utilization during the ex-
periment are presented in Table 4. Average DPA/cow 
was greatest (P < 0.001) for LSR (19.0 kg of DM), in-
termediate for MSR (15.1 kg of DM), and least for HSR 
(14.0 kg of DM). Average daily pasture disappearance/
cow was also greatest (P < 0.001) for LSR (15.5 kg of 
DM) and similar for both MSR and HSR (13.9 kg of 
DM). Consequently, pasture utilization was greatest (P 
< 0.001) for HSR (100%), intermediate for MSR (94%), 
and least for LSR (83%). Average DPA and pasture 
disappearance were greater (P < 0.001) for HF cows 
(16.3 and 14.7 kg of DM, respectively) than JxHF cows 
(15.7 and 14.2 kg of DM, respectively). Daily pasture 
allowance and pasture disappearance were greatest (P 
< 0.001) in summer (16.9 and 15.1 kg of DM, respec-
tively), intermediate in autumn (15.5 and 14.1 kg of 
DM, respectively), and least in spring (9.8 and 10.1 kg 
of DM, respectively). Within each SR, DPA and pas-
ture disappearance was lower for JxHF cows, although 
pasture utilization was unaffected by BR.
Concentrate supplementation/cow per lactation was 
greater (P < 0.01) for LSR (462 kg of DM) compared 
with MSR (430 kg of DM) and HSR (426 kg of DM). 
Silage supplementation/cow per lactation was least 
(P < 0.001) for LSR (69 kg of DM), intermediate for 
MSR (148 kg of DM), and greatest for HSR (183 kg of 
DM). Supplementation per hectare during the grazing 
season increased as SR increased. Annual concentrate 
and silage supplementation per hectare was greatest 
(P < 0.001) for HSR (1,446 and 609 kg of DM, respec-
tively), intermediate for MSR (1,307 and 444 kg of DM, 
respectively), and least for LSR (1,150 and 170 kg of 
DM, respectively).
Sward Nutritive Quality
Stocking rate did not have a significant effect on sward 
chemical composition during the grazing season (Table 
5). Average CP, OMD, NDF, ADF, and UFL were 211 
g/kg, 78%, 448, 258 g/kg, and 0.96 UFL, respectively, 
across the grazing season. Crude protein was similar 
in spring (225 g/kg) and autumn (229 g/kg), and least 
(P < 0.001) in summer (202 g/kg). Organic matter 
digestibility was similar for spring and summer (80%), 
and least in autumn (77%). Neutral detergent fiber and 
ADF were lowest (P < 0.001) during spring (429 and 
247 g/kg, respectively), intermediate during summer 
(437 and 259 g/kg, respectively), and greatest during 
autumn (452 and 265 g/kg, respectively). The decline 
in OMD and the increase in NDF and ADF from spring 
and summer to autumn resulted in a decline in UFL 
(1.0 UFL in spring to 0.94 UFL in autumn).
Milk Production per Cow
The effect of SR, BR, and their interaction on in-
dividual cow milk production is presented in Table 6. 
Both SR and BR had significant effects on milk produc-
tion characteristics, whereas no significant interaction 
between SR and BR was observed. As SR increased, 
a linear decline was observed in lactation length and 
milk production per cow (milk, SCM, fat, protein, lac-
tose, and MS yield). The greatest (P < 0.001) total 
milk, SCM, and MS yield was observed in LSR (5,282, 
5,390, and 456 kg, respectively), whereas HSR was least 
Table 2. Effect of stocking rate1 on cumulative pasture accumulation and grazing characteristics during the experiment
Item Low Medium High SEM Significance
Cumulative pasture accumulation (kg of DM/ha)
 Grazed pasture 10,237 11,016 11,809 246.9 <0.001
 Conserved pasture 4,459 3,685 3,486 341.8 0.007
 Total 14,782 14,785 15,386 431.9 0.148
Number of grazings 6.6 6.8 6.5 0.25 0.518
Number of silage cuts 1.0 0.8 0.8 0.49 0.021
Rotation length (d) 34 33 33 0.5 0.757
 Spring 37 36 39   
 Mid-season 24 23 22   
 Autumn 39 39 40   
Grazing start date (d of yr) 32 32 32 0 1.000
Grazing end date (d of yr) 320 316 315 0.8 0.010
1Stocking rate: low = 1,200 kg of BW/ha; medium = 1,400 kg of BW/ha; high = 1,600 kg of BW/ha.
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(4,863, 4,866, and 414 kg, respectively) and MSR was 
intermediate (5,032, 5,074, and 432 kg, respectively). 
Similarly, protein and lactose composition was greatest 
(P < 0.001) for LSR, least for HSR, and intermediate 
for MSR. Fat composition was similar for LSR (48.7 
g/kg) and HSR (49.1 g/kg), and greater (P = 0.05) in 
MSR (49.8 g/kg). Genotype also had a significant effect 
on milk, fat, lactose, and MS yield. Holstein-Friesian 
cows produced greater milk (+318 kg; P < 0.001) and 
lactose (+12 kg; P < 0.001) yields compared with JxHF 
cows. Notwithstanding this, JxHF cows produced more 
fat (+12 kg; P < 0.001) and MS (+10 kg; P = 0.02) 
compared with HF cows. Similarly, fat, protein, and 
lactose composition was greater (P < 0.001) for JxHF 
cows (+0.42, +0.15, and +0.04%, respectively).
BW and BCS
The effect of SR, BR, and their interaction on BW 
and BCS is presented in Table 7. Although the LSR 
group tended to be on average heavier (P = 0.08; 497 
kg) compared with both MSR and HSR (485 kg), there 
was no significant SR effect on BW at calving, nadir, 
first AI, or dry off. There was also no significant overall 
SR effect on BCS over the complete lactation, with 
the exception of BCS at dry off, which was greater 
(P = 0.04) for LSR (3.03) compared with MSR (2.99) 
and HSR (3.00). Genotype had a significant effect on 
BW as HF cows were consistently heavier (504 kg; P 
< 0.001) than JxHF (474 kg) throughout the experi-
ment. The greatest differential in BW between HF and 
JxHF cows was observed at dry off (39 kg), whereas 
the differential was least at first AI (30 kg). Jersey × 
Holstein-Friesian cows had greater mean BCS (2.96; P 
< 0.05), BCS at calving (3.16; P = 0.07), and BCS at 
first insemination (2.90; P < 0.01) compared with HF 
cows (2.94, 3.14, and 2.86, respectively).
Milk Production and Energy Utilization per Hectare
The effect of SR, BR, and their interaction on pro-
ductivity per hectare is presented in Table 8. Grazing 
days per hectare were greatest (P < 0.001) for HSR 
(863 d), intermediate for MSR (756 d), and least for 
LSR (658 d). Stocking rate had a significant effect on 
all milk production per hectare variables analyzed. As 
SR increased, there was a linear increase in milk and 
MS yield per hectare. Milk and MS yield was greatest 
(P < 0.001) for HSR (15,942 and 1,354 kg, respec-
tively), intermediate for MSR (14,191 and 1,220 kg, 
respectively), and least for LSR (13,186 and 1,139 kg, 
respectively) with similar trends evident for fat, pro-
tein, and lactose yield per hectare. At higher SR (MSR 
and HSR), MS yield/kg of BW per hectare was reduced 
(0.85 and 0.82 kg of MS/kg of BW, respectively) com-
pared with LSR (0.93 kg of MS/kg of BW per ha). 
Holstein-Friesian cows achieved fewer grazing days per 
hectare (P = 0.004; −37 d), produced more milk (P = 
0.04; +561 kg/ha) but less SCM (P = 0.05; −571 kg/
ha) and MS (P = 0.01; −57 kg/ha) compared with 
JxHF cows. In addition, JxHF cows produced more (P 
< 0.001) MS yield per kg of BW per hectare (0.90 kg) 
compared with HF cows (0.84 kg). The greater milk 
production per hectare achieved at higher SR was also 
closely related to the number of grazing days per hect-
are (r2 = 0.93) achieved in addition to increased grazed 
pasture utilization (r2 = 0.65; Figure 1). Each addi-
tional grazing day per hectare corresponds to increased 
MS production of 1.7 kg of MS per hectare and pasture 
utilization of 11 kg of DM per ha.
The effect of SR and BR on energy requirements 
for both maintenance and milk production, expressed 
in UFL, are presented in Table 9. As SR increased, a 
linear increase was observed in energy requirements per 
hectare. Maintenance and milk requirements per hect-
are were least in LSR (3,110 and 5,447, respectively), 
intermediate in MSR (3,669 and 6,494, respectively), 
and greatest in HSR (4,086 and 7,009, respectively). 
Similarly, pasture, silage, and concentrate utilization 
per hectare increased as SR increased, least in LSR 
(9,524, 274, and 1,151 UFL, respectively), intermediate 
in MSR (10,373, 281, and 1,308 UFL, respectively), and 
greatest in HSR (10,923, 150, and 1,446 UFL, respec-
tively). Milk solids per hectare relative to total feed 
Table 5. Effect of stocking rate1 on the chemical composition of pasture during the experiment
Item Low Medium High SEM Significance
CP (g/kg of DM) 216 219 221 4.4 0.731
OM digestibility (%) 78 79 79 0.4 0.251
NDF (g/kg of DM) 442 437 439 4.7 0.708
ADF (g/kg of DM) 256 258 257 2.6 0.927
Ash (g/kg of DM) 111 114 116 2.5 0.432
UFL2 0.96 0.98 0.97 0.009 0.576
1Stocking rate: low = 1,200 kg of BW/ha; medium = 1,400 kg of BW/ha; high = 1,600 kg of BW/ha.
2UFL = unité fourragère lait (the net energy content of 1 kg of standard barley; that is, 1,700 kcal; Faverdin 
et al., 2011).
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utilization (UFL/ha) was similar for LSR (104 g) and 
MSR (102 g), and greatest for HSR (108 g). Addition-
ally, JxHF cows produced more MS per hectare relative 
to total feed intake (107 g) compared with their HF 
counterparts (102 g).
DISCUSSION
Within intensive grazing systems, productivity is 
dependent on achieving a balance between the com-
peting objectives of high DM allowance and intake 
to maximize milk production per cow, and increased 
grazing intensity to maximize pasture utilization and 
milk production per hectare (Coffey at al., 2017). In 
such contexts, the combination of cows capable of high 
pasture intake with SR capable of maximum pasture 
utilization efficiency is critical to overall systemic per-
formance. This SR experiment was uniquely defined 
based on BW per hectare to evaluate the response to 
SR change using 2 different genotypes over a 4-yr pe-
riod within a consistent whole-farm systems framework 
design. The range of SR investigated within the present 
experiment (1,200 to 1,600 kg of BW/ha and 75 to 95 
kg of BW/t of DM available) are within the normal 
biological ranges reported in the modern literature 
(Macdonald et al., 2008a; McCarthy et al., 2011). The 
approach taken in the experiment to describe both SR 
and cow performance at the paddock level facilitates 
the development of a robust cow response function 
within the SR literature while also investigating the 
interaction of SR and BR.
Pasture Accumulation, Grazing Characteristics,  
and Dietary Details
Despite summer rainfall deficits in both 2013 and 
2014, average pasture accumulation over the 4 yr of the 
present experiment (15,550 kg of DM/ha) was similar 
to previous studies at the same research site (Coleman 
et al., 2010; McCarthy et al., 2016). Similar to previous 
studies, increasing SR and grazing intensity within the 
higher SR treatment in the present experiment had a 
positive effect on pasture accumulation and utilization. 
Although net pasture accumulation increased by an av-
erage of 604 kg of DM/ha (+4% or 150 kg of DM/100 
kg of additional BW) between LSR and HSR during 
the 4 yr, the overall pasture response to increasing SR 
is below that reported previously by McCarthy et al. 
(2016; 291 kg/100 kg of BW) and is reflective of the 
below average summer rainfall and growth during 2013 
and 2014. As SR increased, the proportion of pasture 
harvested in the form of grazed pasture increased, 
whereas the proportion of silage decreased. In the HSR 
treatment, grazed pasture and silage accounted for 77 Ta
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and 23% of net pasture accumulation, respectively, 
compared with 70 and 30%, respectively, of net accu-
mulation in the LSR treatment. Sward nutritive qual-
ity was high during the experiment, and although the 
lack of difference between SR treatments is contrary to 
previous findings (Baudracco et al., 2010; McCarthy 
et al., 2016), for whole lactation farmlet studies with 
ryegrass pastures, consistent lower NDF (Macdonald et 
al., 2008a), higher CP content (Valentine et al., 2009), 
and higher pasture digestibility (McCarthy et al., 2016) 
were reported at higher SR. The comparatively high 
level of silage conservation in LSR and MSR treat-
Figure 1. The relationship between grazing days per hectare and (a) pasture utilization (kg of DM/ha) and (b) milk solids (kg/ha).
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ments coupled with dry summers may have negated the 
typical adverse effects of poorer grazing management 
of LSR on sward nutritive quality within the current 
experiment.
Increasing SR is linked to a reduction in DPA (Bau-
dracco et al., 2010; McCarthy et al., 2014). In the pres-
ent experiment, DPA was 79 and 74% of that allocated 
to LSR for the MSR and HSR treatments, respectively. 
To arrest the decline in DPA at higher SR, cows grazed 
more intensively to a lower postGSH. Similar to both 
Macdonald et al. (2008a) and McCarthy et al. (2016), 
these factors contributed to a linear increase in pasture 
utilization as SR increased. Increasing SR resulted in 
a greater number of grazing days per hectare being 
achieved and a strong association was observed between 
grazing days per hectare increases in both grazed pas-
ture utilization and MS output per hectare during the 
study period. Unlike previous BR comparison experi-
ments consisting of similar numbers of cows per hectare 
and, consequently, individual feed allowances were pro-
vided (Prendiville et al., 2010; Vance et al., 2012), the 
uniquely equitable BW per hectare design employed 
within the present experiment resulted in higher indi-
vidual DPA and pasture disappearance for larger HF 
cows (+3.7 and +3.4%, respectively), whereas overall 
paddock pasture utilization remained consistent across 
BR. Although the experiment was designed to achieve 
equal feed supplementation levels (kg concentrate plus 
silage per ha) in each SR and BR combination, this 
was not achieved due to restricted mid-season pasture 
growth as a result of reduced rainfall in both 2013 and 
2014. Consequently, similar to previous experiments 
(Macdonald et al., 2008a; Baudracco et al., 2010), total 
lactation combined supplementation per hectare (silage 
and concentrate) was greater at higher SR (+150 kg 
of DM per hectare in MSR and HSR compared with 
LSR).
Milk Production per Cow
The propensity of HF cows to produce higher volumes 
of milk but fewer MS than JxHF has been documented 
previously in both research (Horan et al., 2005; Prendi-
ville et al., 2011; Buckley et al., 2014) and commercial 
(Coffey et al., 2016) settings. The reduction in milk 
and MS yield between the base SR (LSR) and MSR 
(2.4 and 2.6%/100 kg of additional BW, respectively) 
and HSR (2.0 and 2.3%/100 kg of additional BW, re-
spectively) treatments is consistent with the 2.0 and 
2.3%/100 kg of BW reported previously (Macdonald et 
al., 2008a; McCarthy et al., 2013). In a meta-analysis 
of the SR literature, McCarthy et al. (2011) reported a 
linear decline in milk and MS yield (3.1 and 2.7%/100 
kg of additional BW) as SR increased but also observed 
that the decline in milk production/cow at higher SR 
was affected by BW. In New Zealand grazing systems, 
Ahlborn and Bryant (1992) reported higher milk pro-
duction from HF than Jersey cows, but also noted that 
Jersey cows produced additional milk per hectare as 
SR increased, and concluded that Jersey cows appear 
to have a greater tolerance to higher SR due to their 
lower BW. Although not deemed to be significant in 
the present experiment, MS yield per cow was reduced 
by 46 kg (10%) among HF cows as SR increased from 
LSR to HSR compared with a reduction of 39 kg (8%) 
for JxHF cows. This corroborates Ahlborn and Bryant 
(1992) and Bryant et al. (2007), where JxHF are better 
adapted to the lower feed allowances within higher SR 
grazing systems.
BW and BCS
Changes in BW and BCS throughout lactation were 
minimal in all 6 SR and BR treatment combinations. 
Increasing SR is commonly associated with a linear de-
Table 9. Effect of stocking rate1 and animal genotype on energy requirements and energy utilization during lactation during the experiment
Item
Holstein-Friesian
 
Jersey × Holstein-Friesian
Low Medium High Low Medium High
UFL2 requirements (UFL/ha per yr)              
 Maintenance requirements 3,119 3,670 4,096   3,100 3,667 4,075
 Milk requirements 5,464 6,377 6,864   5,430 6,611 7,153
 Total UFL requirements 8,583 10,047 10,960   8,530 10,278 11,228
UFL intake (UFL/ha per yr)              
 Pasture 9,524 10,373 10,923   9,524 10,373 10,923
 Silage 345 342 207   203 220 92
 Concentrate 1,113 1,253 1,419   1,188 1,362 1,473
 Total UFL intake 10,982 11,968 12,549   10,915 11,955 12,488
 MS3/UFL intake (g/UFL per ha) 101 99 106   107 105 111
1Stocking rate: low = 1,200 kg of BW/ha; medium = 1,400 kg of BW/ha; high = 1,600 kg of BW/ha.
2UFL = unité fourragère lait (the energy content of the 1 kg of standard barley; that is, 1,700 kcal; Faverdin et al., 2011).
3MS = milk solids (i.e., fat kg + protein kg).
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cline in BW (Dillon et al., 1995; McCarthy et al., 2013), 
yet this was not observed in the present experiment. 
Previous studies have also observed greater differentials 
in both BW and BCS between BR groups. Prendiville 
et al. (2009) and Vance et al. (2013) observed that HF 
were heavier than JxHF by 50 and 44 kg, respectively, 
whereas JxHF had superior BCS (+0.24 and +0.17 BCS 
units, respectively) compared with HF contemporaries. 
Unlike these previous studies of similar contemporary 
groups, the mean BW of HF cows was only 6% (30 
kg) greater than JxHF cows in the present experiment, 
whereas the BCS superiority of JxHF cows was modest 
(+0.02 BCS units). As SR increased from LSR to MSR, 
there was a 1.2% reduction in average BW per 100 kg 
of additional BW, with no further reduction between 
MSR and HSR. The lack of effect of SR on BW and 
BCS is also indicative of the capability of both BR to 
graze more intensively to achieve adequate feed intake 
within high SR grazing systems. Furthermore, supple-
mentation was provided at higher SR during periods of 
low pasture growth, thereby preventing greater losses 
of BW and BCS during periods of feed deficit. The lack 
of both BW and BCS responses to increasing SR in 
the present experiment is consistent with the improved 
DMI capability and increased BCS of high genetic merit 
(EBI) dairy cows reported previously within intensified 
grazing systems (Coleman et al., 2010; Moore et al., 
2014).
Milk Production and Energy Utilization per Hectare
The significant positive effect of increasing SR on milk 
production per hectare has been consistently reported 
previously (McMeekan and Walshe, 1963; Macdonald 
et al., 2008a; McCarthy et al., 2013). Similar to Mac-
donald et al. (2008a) and McCarthy et al. (2016), the 
efficiency of feed utilization increased at higher SR in 
the present experiment (+8.9 and 14.7% for MSR and 
HSR, respectively). Greater feed utilization resulted in 
significantly greater milk productivity per hectare, cor-
responding to an additional 154 kg (+13.8%) and 268 
kg (+24.0%) in MS per ha in MSR and HSR, respec-
tively. In a meta-analysis of the literature, increasing 
SR by 100 kg of BW per ha resulted in a 2.0% increase 
in milk and 2.3% increase in MS production per hectare 
coupled with a 28% increase in the number of graz-
ing days per hectare (McCarthy et al., 2011). As SR 
increased by each additional 100 kg of BW per ha from 
LSR to MSR and HSR in the present experiment, milk 
yield per hectare increased by 3.7 and 5.2%, respec-
tively, for HF cows and 3.4 and 5.2%, respectively, for 
JxHF cows. The increase in grazing days per hectare at 
higher SR in the present experiment arises as a conse-
quence of increased grazing efficiency, evident from an 
increase in pasture utilization, a lower postGSH, and 
a reduction in the proportion of total area conserved 
as silage. As SR increased from LSR to HSR, MS pro-
duction per kilogram of BW per hectare decreased by 
12%, reflecting the increased maintenance requirements 
and consequently, reduced energy availability for milk 
production in higher SR grazing systems (Coffey et al., 
2017). Accounting for energy requirements per hectare 
(maintenance and milk production) and energy intake 
from feed supplies (pasture, silage, and concentrate), 
MS production was similar for LSR and MSR, and 5% 
greater for HSR.
Having equalized genotype in terms of BW per 
hectare in the present unique experimental design, SR 
(cows/ha) was 4.5% higher for JxHF. This resulted in 
an additional 5% increase in grazing days per hectare, 
and in additional milk and MS per hectare of 3.8 and 
4.7%, respectively, at similar feed input levels. Fur-
thermore, JxHF were 7% more efficient at producing 
MS per kilogram of BW compared with HF contem-
poraries, which concurs with previous studies. When 
intake is expressed per unit of BW, Coffey et al. (2017) 
observed that JxHF cows had higher feed conversion 
efficiency, requiring less energy intake to produce 1 kg 
of MS. Production of MS relative to total feed intake 
was also consistently 5 to 6% higher for JxHF cows 
compared with HF cows across all SR treatments. The 
similarity in DMI and milk production between HF and 
smaller JxHF cows in previous studies has been attrib-
uted to several factors including differences in cow BW 
and grazing behavior (Prendiville et al., 2010; Vance et 
al., 2012), gastrointestinal tract weight (Beecher et al., 
2014), DMI capacity (Goddard and Grainger, 2004), 
and NDF digestibility (Aikman et al., 2008). At an 
overall systems level and irrespective of the SR cho-
sen, the present experiment quantifies the consistent 
superiority of JxHF cows to intensive grazing environ-
ments for the first time, resulting in 4.8% more MS per 
hectare and 5% more MS per UFL of intake at grazing 
compared with their HF counterparts.
CONCLUSIONS
The present SR experiment was uniquely designed 
based on a BW per hectare framework to evaluate the 
response to SR changes, using differing animal geno-
types over a 4-yr period. The greater productivity per 
hectare demonstrated at higher SR is a consequence 
of increasing BW per hectare, increased grazing inten-
sity, additional grazing days per hectare, and a greater 
level of grazed pasture utilization. At similar BW per 
hectare, JxHF cows produced significantly more fat 
plus protein per hectare during the grazing season at 
each SR. Although opportunity to improve efficiency is 
14 COFFEY ET AL.
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limited within intensive ruminant production systems, 
this experiment also demonstrates the superior capabil-
ity of JxHF cows to maintain production efficiency per 
hectare and deliver increased MS production within 
intensive grazing systems with low supplementation 
levels.
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